The purpose of this study was to investigate the relationship between physical activities and metabolic syndrome risk factors in adults with intellectual disabilities. Seventeen adults with intellectual disabilities at a sheltered workshop wore Actical for 5 days on workdays to measure their physical activity, and blood samples were taken to measure their physical fitness factors and examine their risk factors for metabolic syndrome. The average daily physical activity was found to be 655.41± 129.36 kcal, and the average total physical activity over 5 days was 3,224.94± 149.68 kcal. A positive correlation was confirmed between physical activity and muscular strength, muscular endurance, total cholesterol, low-density lipoprotein cholesterol and disability rating. Factors that predicted physical activity of adults with disabilities were disability rating (t= 6.280, P< 0.001) and glycated hemoglobin (t= -2.315, P< 0.036), which had a 73.9% correlation (R 2 = 0.739) with the physical activities of adults with intellectual disabilities. In conclusion, the physical activity level of adults with intellectual disabilities was significantly lower than that of adults in similar age groups, and such low physical activity may affect their muscular strength, muscular endurance, and metabolic syndrome risk factors. Therefore, additional studies on programs to improve and enhance physical activities at sheltered workshops, where adults with intellectual disabilities are mainly supervised and active, and guidelines for continuous health management are needed.
INTRODUCTION
The number of intellectually disabled people in Korea is reported as 201,000 as of 2017 (Ministry of Health and Welfare, 2018) . Intellectual disability is generally characterized as delayed verbal development, lack of understanding the concept of numbers, and slow daily self-care processes such as using the toilet, as well as emotional instability or abnormal behavior. In addition, balancing, separating, and connecting movements are not made correctly and walking speed is noticeably slower, restricting these people physically or environmentally, which leads to insufficient physical activity (Frey et al., 2008) . As a result, intellectually disabled people are restricted in their ability to participate in active physical activities due to cognitive impairment, and their appetite is higher than that of normal people, making it difficult for them to maintain a normal weight and resulting in an increased obesity rate.
This lack of physical activity is related to the increased prevalence of various chronic diseases such as hypertension, diabetes, hyperlipidemia, and arteriosclerosis, so management through active physical activity is important. In particular, physical activity is known to improve physical strength and lower the prevalence of chronic diseases such as hypertension, obesity, stroke, and diabetes (Taylor, 2014) . It increases high-density lipoprotein (HDL), an antiatherosclerotic factor, and lowers low-density lipoprotein (LDL) through lipoprotein lipid metabolism to bring a positive effect to the blood lipid profile (Fernandes et al., 2018; Nelson et al., 2007) .
In addition to intellectual deficits, intellectually disabled peo-ple are typically reported to have higher blood pressure (Giordano et al., 2001 ) and blood sugar (Haider et al., 2013) , the metabolic syndrome indexes, than nondisabled people. Therefore, ways to proactively increase their physical activity level are urgently needed to prevent chronic preventable and treatable diseases. Hartman et al. (2015) stated that increased physical activity brought positive changes to body composition, and although different studies report the positive effects of physical activity participation and awareness of its importance is increasing, physical activity and participation by children with intellectual disabilities is reported to be very low (Cervantes and Porretta, 2010) ; few studies have been conducted that directly measure physical activity in these populations.
In particular, the physical activity level of intellectually disabled people in adulthood is similar to that of the elderly, causing serious problems in health and social costs (Dixon-Ibarra et al., 2013) . Proper physical activity is closely related to independent life and quality of life of intellectually disabled people in adulthood, and therefore, different studies to promote their physical activity need to be conducted and applied in life.
Increased physical activity including movement of the entire body may serve as the solution to lower the risk of chronic diseases in children with intellectual disabilities due to lack of physical activity. For this, their physical activity needs to be measured and analyzed, and the results of long-term efforts to increase physical activity should be compared against people whose activity level has remained low to examine whether increased physical activity can bring changes to metabolic syndrome risk factors for children with intellectual disabilities.
Methods to measure physical activity have included surveys, daily logs, heart rate monitors, doubly labeled water, and pedometers, but it is difficult to apply these methods to disabled people. There have recently been studies to examine the physical activity level of children with disabilities using an accelerometer (Moss and Czyz, 2018) , but studies targeting adults with disabilities are very rare. Therefore, this study intends to measure the physical activity of adults with disabilities using an accelerometer to confirm the relationship of their activity levels with biochemical variables and examine variables that can predict physical activities to provide basic data for use in exercises and programs to improve the physical activity levels of disabled adults.
MATERIALS AND METHODS
Consent to data collection was obtained from a sheltered workshop in Uiwang and a survey of general characteristics and health characteristics was conducted on adults over 20 years of age with disabilities during the month of November, 2017. The name, age, sex, weight, and height of participants were entered into the Actical (Mini Mitter Inc., Bend, OR, USA), an accelerometer that the participants were instructed to wear for 5 weekdays and return. They were also instructed to fast until 8 a.m. on the day that they returned the Actical, give a blood sample, and go home. Breakfast was provided to participants after taking the blood sample, and their physical activity pattern was explained to them based on the physical activity record that was printed out from the Actical record.
Subjects
The subjects of this study included participants between the ages of 18-60 registered at 1 sheltered workshop in Uiwang with IQs between 45-70 who were able to communicate and did not have musculoskeletal system disorders or neurological damage. The purpose and measurement method of the study were explained to subjects and their guardians, who voluntarily signed the participation consent form.
Tools
Measurement of daily physical activity was done using an Actical. Participants were instructed to wear the accelerometer for 7 consecutive days to measure their activity levels on weekdays and weekends. Subjects were guided to perform daily physical activities freely to accurately measure their activity levels. They wore the Actical on their wrists using straps.
The product consisted of an Actical Sense, Acti-Reader, and computer software, and the Acti-Reader included a PC serial port interface, which facilitated telemetric data and transferred it from the Actical. Subjects' name, age, sex, weight, and height were downloaded to the Actical Sense using the Acti Reader, and the Actical Sense was worn on the wrist, ankle, or waist. The daily life or specific exercise record that was saved in the Actical was imported using the Acti Reader and analyzed on the computer. The duration of Actical use was 5 weekdays due to the nature and care of the disabled.
Muscular strength was measured using a digital dynamometer (TKK, Takei, Niigata, Japan), with measurements taken twice on each hand and the highest value recorded. To test muscular endurance, subjects did sit-ups for 1 min and their counts were recorded. Flexibility was measured using sit-and-reach equipment, starting at -20 cm and pushing the equipment with both hands.
For cardiovascular endurance, a 16-m Progressive Aerobic Cardiovascular Endurance Run was used, where subjects were instructed to run 16 m forward at the buzzer sound and reach the starting point on the opposite side prior to the next buzzer sound, then run at the next buzzer sound. The number of runs that they did upon buzzer sounds was recorded.
Blood tests
All subjects fasted for over 12 hr prior to the test, and about 10 mL of blood was taken from the antebrachial vein at 8 a.m. the following day. Blood samples were analyzed for glycated hemoglobin (HbA1c), total cholesterol, LDL, and HDL using a chemical analyzer. LDL, HDL, total cholesterol, and neutral fat during fasting were measured through an enzymatic colorimetric assay using an automatic analyzer (Olympus Au 5200, Olympus, Tokyo, Japan).
Data processing
Collected data was analyzed to determine the mean, standard deviation, and range of subjects' physical activity, physical fitness, and metabolic syndrome index (HbA1c, total cholesterol, LDL, and HDL). The correlation between subjects' physical activity and variables was analyzed using Pearson correlation, and variables that predicted the physical activity of disabled people were analyzed using stepwise multiple regression. Standard deviation was set at 0.05.
RESULTS

Differences in physical activity levels according to general characteristics
Subjects' average age was 29.88, and 13 men and 4 women participated. The women's physical activity level was higher, at 674.50 kcal for women compared to 649.51 kcal for men, but no significant difference was found. Those with a disability rating of level 3 showed the most activity at 785.29 kcal, followed by 598.50 kcal in those at level 2 and 513.50 kcal at level 1, showing more activity among people with a higher disability rating (P<0.001) ( Table 1 ).
Participants' physical activity, physical fitness, and metabolic syndrome indices
The average daily activity by subjects was 655.41 kcal with levels from 462 kcal to 875 kcal recorded, and the average total physical activity for 5 days was 3,224.94 kcal, with levels from 2,244 kcal to 4,255 kcal recorded. The average grip strength was 12.35±2.89 kg, average sit-up count was 12.41±5.5 times, average flexibility was 2.67±5.72 cm, and average cardiovascular endurance was 17.24±8.58 times.
The average total cholesterol was 152.71 mg/dL, and the average HbA1c was 5.94% (Table 2) .
Correlation between physical activity, physical fitness, and metabolic syndrome indices
Based on the correlation between subjects' physical activity with their physical fitness and metabolic syndrome indices (Table 3) , physical activity was positively correlated with disability rating (P<0.001), muscular strength (P<0.009), muscular endurance (P<0.035), total cholesterol (P<0.034), and LDL-C (P<0.034).
Variables that predict physical activity in disabled people
Stepwise multiple regression analysis was performed to examine the variables that predict physical activity, and nominal variables were processed and analyzed as dummy variables. Independent variables used in regression analysis included disability rating, physical fitness, and metabolic syndrome factors.
Stepwise multiple regression analysis showed that variables that predict physical activity were disability rating (t=6.28, P<0.001) and HbA1c (t=-2.31, P<0.036), and these variables were 73.9% (R 2 =0.739) correlated with the physical activity level of disabled people (Table 4) .
DISCUSSION
This study was conducted with subjects at a sheltered workshop in Uiwang to examine the relationship between the physical activity level of adults over 18 with disabilities and their physical fitness and metabolic syndrome risk factors.
Subjects' physical activity was determined to be 492.47±110.72 kcal, which was less than that of children with intellectual disabilities (average age, 11.1), which was 645.85±104.99 kcal (Kang and Park, 2012) , and that of the elderly, which was 628.45 kcal (Sung, 2011 ). The highest physical activity level, 675 kcal, was similar to that of the elderly, and the lowest activity level (301 kcal) was observed in adults with a level 1 disability rating, who also showed the lowest muscular strength and muscular endurance as well.
A significant difference was found between subjects' demographic variables and activity level (P<0.001), but not between age or BMI.
Muscular strength and muscular endurance showed a similar correlation with physical activity. Increasing physical activity had positive effects on different factors that improve physical strength (Keadle et al., 2017; Nelson et al., 2007) , and in 2007 by American College of Sports Medicine recommends mild and high-intensity physical activity for 30 min or more daily for over 5 days a week (Haskell et al., 2007) . Therefore, more interventions to induce more active physical movement for adults with intellectual disabilities are needed. A study has reported that improving basic physical strength in adults with disabilities through walking and stretching led to improved work performance and behavior such as assembly, packaging, and carrying, while increasing power of command and grasp step by step improved their physical function, job behavior, and socialization (Stancliffe and Anderson, 2017) .
People with disabilities face difficulty in daily activities and therefore avoid movement and become physically inactive, and their weight and metabolic syndrome frequency increase because they cannot participate in the amount of physical activity required by nondisabled adults (Carroll et al., 2014) .
In this study, total cholesterol, the metabolic syndrome index, was determined to be 186.729±15.27 mg/dL, LDL-C 138.47± According to a previous study, people with physical disability are reported to have approximately 1.2-13.9 times greater risk of metabolic syndrome (Liou et al., 2005) . As seen in this study, physical activity level among adults with intellectual disabilities is relatively lower than among those with no disabilities, and this low physical activity level very likely leads to metabolic syndrome and related chronic disease if it is maintained into adulthood. In fact, the prevalence of chronic disease among disabled people is 77.2%, which is more than twice as high as that of the nondisabled (34.9%); metabolic syndrome and diseases that affect physical activity such as hypertension and diabetes in particular are more common (Jo et al., 2018) . Using multiple regression analysis, this study found that disability rating and HbA1c had an especially significant influence. Diseases that result in lower physical activity level pose higher risks to disabled people, but studies of this phenomenon are critically insufficient. Observing the changes in the health of disabled people is very important in preventing diseases. The development and application of programs to continuously increase the physical activities of adults with intellectual disabilities are urgently needed.
